A strong test of our understanding of the earthquake cycle is the ability to reproduce extant faultbounded geological structures, such as basins and ranges, which are built by repeated cycles of deformation. Along strike-slip faults, the coseismic and interseismic deformation can be nearly equal in magnitude and opposite in sign, resulting in little permanent deformation except for the fault offset. For dip-slip faults, portions of the crest are lifted and dropped, and so buoyancy forces are exerted. The seismic and interseismic deformations do not balance, and structures grow and become subject to erosion and deposition. We consider three examples for which the structure and fault geometry are well known: the White Wolf reverse fault in California, site of the 1952 Kern County M=7.3 earthquake, the Lost River normal fault in Idaho, site of the 1983 Borah Peak M=7.0 earthquake, and the Cricket Mountain normal fault in Utah, site of Quaternary slip events. Basin stratigraphy and seismic reflection records are used to profile the structure, and coseismic deformation measured by leveling surveys is used to estimate the fault geometry. To reproduce these structures, we add the deformation associated with the earthquake cycle (the coseismic slip and postseismic relaxation) to the flexure caused by the observed sediment load, treating the crust as a thin elastic plate overlying a fluid substrate. The cumulative deformation is principally dependent on the elastic plate thickness, modestly sensitive to the sediment-substrate density difference, and insensitive to the fluid viscosity for the 4-to 8-Ma structures. We deduce a longterm flexural rigidity of 2-15 x 1019 Nm; this is equivalent to an elastic plate thickness of 2-4 km for a Young's modulus of 2.5 x 10 lø Nm '2. This value is found where independent estimates of the elastic thickness from the coherence between surface topography and gravity yield values of about 4 km, but where coseismic fault slip extends to a depth of 10-15 km. Thus much of the seismogenic crust must weaken substantially during the life of active faults, causing the faultbounded basins to narrow over thne.
INTRODUCTION
The process of earthquake strain accumulation and release provides direct information about how the Earth's crust deforms to create geological structures. In the companion paper [King et al., this issue; hereafter Paper 1], we presented a kinematic model for the earthquake cycle that, for the first time, incorporates crustal flexure due to sediment loading and erosion. With this model we explored the spectrum of fault-bounded geological structures that could evolve for varying values of the elastic thickness of the crust and the amount of erosion and deposition. In this paper we examine three field examples of continental dipslip faults. We reproduce these geological structures by using the coseismic deformation measured from leveling surveys to estimate the fault geometry, and the observed sediment load to determine the crustal flexure. Paleozoic rocks against the range-bounding normal faults has created the characteristic basin-and-range structure. The upthrown block, capped by Borah Peak, is better preserved and mapped here than anywhere else along the ranges. Scott et al. [1985] Regional isostatic equilibrium. Postseismic relaxation and crustal flexure caused by mass movement are assumed to keep pace with earthquake deformation. The period required for structures to reach equilibrium is subject to dispute [see Cochran, 1980] , and so it is uncertain whether the 4-to 8-m.y. time span that we consider is sufficient. An uncompensated load, such as recently deposited sediment, causes the elastic plate thickness to be underestimated unless the crust has a viscosity gradient (which increases with depth) rather than an elastic fluid interface, in which case the thickness would be overestimated.
Fault geometry. All faults are assumed to be planar and to dip 45 ø , the average inferred from the observed coseismic deformation.
The relaxed deformation for an earthquake cycle is insensitive to modest (+15 ø ) changes in dip, as we show in Figure 3 of Paper 1, and so we regard variable-dip modeling as unwarranted. We have not experimented with listric fault geometries (in which dip diminishes with depth). Listric faults would increase the asymmetry of the coseismic deformation, as investigated by Stein and Barrientos [1985] , and perhaps reduce the magnitude of postseismic deformation if the fault does not cut through the elastic layer. Here, we comment only that listric-fault geometries are not required to satisfy either the coseismic or the long-term deformation Semi-infinite loads. The models we finally adopted use sediment loads that extend infinitely in the direction of the fault strike. Tests were performed with loads of limited extent, but once we saw that an elastic plate thickness in the range of 2-4 km (a tenth of the the fault length) was needed, it was evident that two-dimensional loads were sufficient. The very thin elastic layer also means that large fault displacements are permissible without violating the model assumption of elasticity.
RESULTS
plate thickness, H, as the principal free parameter. The model is fully described in Paper 1, and the material properties assigned are listed in Table 1 Figure 10b . Because of the normal sense of slip, the postseismic relaxation causes the region to uplift, unlike the White Wolf fault, and so the earthquake cycle yields nearly equal uplift and subsidence. The combined earthquake and flexural deformation, and the basin profile, is plotted in Figure 10c . The fit is imperfect, but so, too, is our knowledge of the geological structure. The ratio of uplift to subsidence and the width of the total deformation agree best with the geological structure for an elastic plate thickness of 4 km, which is about a third of the coseismic faulting depth. The fit is insensitive to sediment density because so little fill is present. The fault parameters are listed in Table 1 
fault (Figure 1 la). Sediment deposition causes a maximum 1 km reproduces the observed profile for the downthrown subsidence of about 400 m (Figure l lb). The Cricket block but is too narrow on the upthrown block. This
Mountain fault is taken to have a cumulative dip slip of pattern underscores the need to observe both the hanging 6.5 km on an extent of 40 km along strike (see Table 1 ). wall and footwall blocks of the structure and suggests that, 
Application to Underthrust Zones
Flexure due to sediment loading may be an important addition to models of the earthquake cycle and long-term deformation along underthrust zones. Submarine trenches adjacent to the Pacific Northwest coast of the United States, Alaska, and Japan are subject to great erosion and sediment transport from the coastal landmass, whereas those adjacent to largely submerged volcanic arcs, such as the Aleutian or Kurile islands, receive only pelagic (seafloor) sediment sc,raped off the subducting oceanic plate. Sato and Matsu'ura [1988] successfully matched the observed bathymetry and free-air gravity profiles across the Kufile Trench in northern Japan using a viscoelastic dislocation model. Neglect of sediment deposition by these authors resulted in a misfit to the depth of the subducting oceanic plate, which is depressed as a result of pelagic sediment accumulation. Back arc basins, such as the Japan Sea, also fill with sediment and downwarp. In general, the long-term uplift will be overestimated if sediment loading is neglected.
Thatcher [1984] synthesized a complete earthquake cycle at a convergent plate margin at the Nankai Trough, Japan. He compared the cumulative, geodetically measured deformation for the 90-year-long cycle with the uplift on the marine terrace at the same locality, 140-180 km landward of the trench. Although the movement patterns of the 90-year-long cycle and the 120-kyr terrace are similar, the rates are not: the rate of terrace uplift is only 30% of the geodetically measured rate. The explanation for this discrepancy may lie in the downward flexure of the shoreline caused by rapid deposition of sediment into the trench and inland sea. This explanation could be verified by examining the plate flexure caused by the past 120 kyr of sediment deposition.
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CONCLUSIONS
We have argued in this and the companion Paper 1 that two interacting processes govern the evolution of faultbounded geological structures: the earthquake cycle of strain accumulation and release, and the flexure of the crust due to sediment deposition and erosion. We have sought to reproduce the cumulative deformation for three continental dip-slip faults by adding the coseismic deformation due to sudden fault slip, the postseismic relaxation due to buoyant and viscous restoring forces, and the flexure due to sediment loading. Our models, however, are not unique: although we have explained the observations for two out of the three structures studied, we have not necessarily explained them correctly. What we have done is to address the evolution of An ancillary conclusion of our study is that the interaction between postseismic relaxation and flexure leads to different evolutionary paths for normal and reverse fault structures. Whereas a normal fault basin is largest immediately after an earthquake and becomes shallower throughout the interseismic period, a basin bounded by an active reverse fault deepens during the cycle and thus may be more effective at capturing and holding sediment. Therefore the way in which sedimentary loading and erosional unloading occur before the earthquake-induced stresses have fully relaxed is the origin of the differences between fault-bounded geological structures. Consideration of crustal flexure caused by sedi"ment loading may also be a promising avenue of research for the study of underthrust zones.
